Background: Rab27A and Rab27B are the major components of vesicle fusion and trafficking in exosome secretion and play important roles in tumor progression and metastasis. In addition, Rab27A and Rab27B are associated with tumor prognosis. This study investigated the prognostic roles of Rab27A and Rab27B expression in patients with non-small cell lung cancer (NSCLC). Methods: Rab27A and Rab27B expression was assessed in 133 cases of NSCLC by immunohistochemistry. We evaluated the correlations between Rab27A and Rab27B expression and clinicopathological data and determined their prognostic role in NSCLC. Results: Rab27A and Rab27B expression were significantly related to patient gender (P = 0.007 and 0.002, respectively) and histologic type (P = 0.009 and < 0.001, respectively), but not to patient age, smoking history, surgical method, or tumor node metastasis stage. The multivariate Cox proportional hazards regression model verified that high Rab27B expression is a prognostic factor for unfavorable disease-specific survival (hazard ratio 2.680, 95% confidence interval 1.116-6.437; P = 0.027) in squamous cell carcinoma (SQCC). Kaplan-Meier analysis revealed significantly poorer prognosis in SQCC patients with high Rab27B expression compared to patients with low Rab27B expression (P = 0.030). Conclusion: High Rab27B expression could be an unfavorable prognostic factor in patients with SQCC of the lung.
Introduction
Lung cancer is one of the most common causes of cancerrelated death. 1 The majority of lung cancers are non-small cell lung cancer (NSCLC). 2 A large number of patients with NSCLC experience recurrence and unfavorable prognosis, even after surgery and chemotherapy. 3, 4 Therefore, the identification of factors associated with relapse has become an important issue for early treatment and improved patient survival. 4 Rab proteins belong to the Ras family of small GTPases and play a role in the activation of the GTP-binding enzymatic cycle, anchor to the vesicular membrane, and interact with effectors in the posttranscriptional process. 5, 6 Rab27A and Rab27B are Rab proteins that are expressed in many types of secretory epithelial cells, although Rab27B is much more restricted than Rab27A. 7 More importantly, Rab27A and Rab27B are the major regulators of vesicle fusion and trafficking in the exosome secretion process. 8, 9 Studies have shown that exosome secretion plays an important role in tumor progression and metastasis by modulating the tumor microenvironment. [9] [10] [11] Li et al. reported that Rab27A controls exosome secretion in lung adenocarcinoma (ADC) cells. 12 Furthermore, some reports have demonstrated that Rab27A and Rab27B are associated with tumor progression and have been used as a prognostic factor in hepatocellular carcinoma; glioma; and pancreatic, ovarian, and colorectal cancers.
To our knowledge, no study has investigated the prognostic roles of Rab27A and Rab27B in NSCLC. Therefore, this study evaluated Rab27A and Rab27B expression, their correlation with clinicopathological data, and their prognostic significance in NSCLC.
Methods

Patients and clinicopathological data
We enrolled 133 consecutive patients who underwent surgical resection for NSCLC between January 2002 and December 2009 at Gyeongsang National University Hospital (Jinju, Korea). The tumors were staged according to the eighth edition of the American Joint Committee on Cancer Tumor Node Metastasis (TNM) Classification of Malignant Tumors. The tumor histological type and differentiation grade were established according to the fourth edition of the World Health Organization classification system. Clinical and survival data were obtained from electronic medical and National Statistical Office (Seoul, South Korea) records. Disease-free survival (DFS) was defined as the period from the date of surgery to the date of cancer recurrence, while disease-specific survival (DSS) was defined as the period from the date of surgery to the date of death, which was mostly a result of NSCLC. 15 Smoking history was defined as either non-smoker (< 100 lifetime cigarettes) or smoker (including current and ex-smokers). This study was approved by the Institutional Review Board of Gyeongsang National University Hospital and informed consent was waived (2018-07-029-001).
Tissue microarray construction and immunohistochemistry
Hematoxylin and eosin-stained slides were examined, and a core (3 mm in diameter) of the most representative tumor focus was made from each formalin-fixed paraffin block based on major differentiation in the invasive area. Immunohistochemical staining was conducted using an automated immunostainer (Benchmark Ultra, Ventana Medical Systems Inc., Tucson, AZ, USA) with a monoclonal anti-RAB27A antibody at a dilution of 1:50 (ab55667, Abcam, Cambridge, UK) and polyclonal anti-RAB27B antibody at a dilution of 1:250 (PA5-54096, Thermo Fisher Scientific, Waltham, MA, USA). The positive controls for RAB27A and RAB27B were prostatic glandular epithelial cells and urothelial cells, respectively. The primary antibody was omitted for the negative control. 
Rab27A and Rab27B expression
Immunohistochemical staining of the tumor cells was evaluated in both the nucleus and cytoplasm for Rab27A and in the cytoplasm and membrane for Rab27B (Fig 1) . The intensity of the stained tumor cells was graded as either high or low expression. High expression was classified as > 30% of tumor cells stained and with stronger staining than tumor-infiltrating immune cells, while the others were classified as low expression. If the tumor cells showed heterogeneous expression in the same core, the representative value was determined according to the majority of tumor cells. To confirm reproducibility, all samples were individually reviewed by two pathologists.
Statistical analysis
Correlations between Rab27A and Rab27B expression and clinicopathological data were evaluated by Pearson's chisquare test. DFS and DSS were analyzed using the KaplanMeier method with log-rank tests between groups. The prognostic significance of clinicopathological data for DFS and DSS was investigated using a Cox proportional hazard regression model. P values < 0.05 were considered statistically significant. The analyses were performed using SPSS version 24.0 (IBM Corp., Armonk, NY, USA).
Results
Clinicopathological patient data
The clinicopathological data of the patients are summarized in Table 1 
Correlations between Rab27A and Rab27B expression and clinicopathological data
The correlations between Rab27A and Rab27B expression and clinicopathological data are shown in Table 2 . Rab27A and Rab27B expression was significantly correlated with patient gender (P = 0.007 and 0.002, respectively) and histologic type (P = 0.009 and < 0.001, respectively) but not with patient age, smoking history, surgical method, tumor stage, lymph node metastasis, distant metastasis, or TNM stage. Rab27A and Rab27B expression was more frequent in women than in men and in patients with ADC than in those with SQCC.
Tumors with distant metastasis showed a higher percentage of Rab27A and Rab27B expression. In addition, tumor differentiation did not show any significant association with Rab27A and Rab27B expression in SQCC (well and moderately differentiated vs. poorly differentiated; Rab27A, P = 0.377; Rab27B, P = 0.701) and in ADC (others vs. solid and micropapillary; Rab27A, P = 0.327; Rab27B, P = 0.900).
We also evaluated the relationship between Rab27A expression patterns and clinicopathological data. Positive nuclear Rab27A expression was significantly associated with distant metastasis (P = 0.015), while positive cytoplasmic Rab27A expression was significantly correlated with patient gender (P < 0.001), histologic type (P < 0.001), and smoking history (P = 0.044). Positive nuclear Rab27A expression was more frequent in tumors without distant metastasis than in those with distant metastasis, and positive cytoplasmic Rab27A expression was more prevalent in women than in men, in non-smokers than in smokers, and in patients with ADC than in those with SQCC.
Rab27A and Rab27B expression and survival analysis
Among patients with SQCC, 54.2% (n = 52) developed recurrence and 46.9% (n = 45) died as a result of the disease. The DSS rate was significantly lower in the group with high Rab27B expression (n = 43, 53.1%) than in the group with low Rab27B expression (n = 1, 2.3%) (P = 0.049). Moreover, Kaplan-Meier analysis revealed that high Rab27B expression was significantly associated with an unfavorable DSS (P = 0.030) (Fig 2a) . Furthermore, a multivariate Cox proportional hazard test showed that high Rab27B expression was an independent factor for poor DSS (hazard ratio 2.680; 95% confidence interval 1.116-6.437; P = 0.027) in SQCC (Table 3) . However, statistical analysis did not reveal any significant differences in DFS between the groups with high or low Rab27B expression (Table 3 , Fig 2b) . In addition, DSS and DFS did not differ significantly between the groups with high or low Rab27A expression. Among patients with ADC, 32.4% (n = 12) developed recurrence and 21.6% (n = 8) died as a result of the disease. The DFS and DSS did not differ significantly between groups with Rab27A and Rab27B expression. Finally, statistical analysis showed that neither Rab27A nor Rab27B expression had a prognostic effect in ADC (Table 3) .
We additionally performed survival analysis between groups with different Rab27A expression patterns. However, there were no significant differences between groups with nuclear and cytoplasmic Rab27A expression. 
Discussion
Recent studies reported that Rab27A and Rab27B are located on the lipid bilayer of multivesicular endosomes that are released to exosomes and regulate exosome secretion involving the docking multivesicular endosomes. 16, 17 Exosomes are well-known vesicles that interact with the tumor microenvironment and result in tumor invasion and metastasis. 10, 16 Consequently, there is little doubt that Rab27A and Rab27B are associated with prognosis in cancer patients, and thus, more research is warranted to determine their exact mechanisms in exosome release to control tumor invasion and metastasis. 17 Our results show that high Rab27B expression is an independent factor associated with unfavorable DSS in patients with SQCC. Among all enrolled patients with SQCC, only seven had high Rab27B expression. The clinicopathological data of these patients are summarized in Table 4 .
Six patients had a lower DSS compared to patients at the same TNM stage. Therefore, SQCC patients with high Rab27B expression should receive early treatment. To our knowledge, this is the first study to show that high Rab27B expression is closely related to prognosis in patients with SQCC of the lung. We also revealed that Rab27A and Rab27B expression was more frequent in women than in men and in patients with ADC than in those with SQCC. However, these results may have been a result of selection bias because the enrolled cases in this study are mainly composed of male SQCC patients. Therefore, an organized study is required for further evaluation.
Interestingly, in this study, tumors with distant metastasis showed a higher percentage of Rab27A and Rab27B expression. This result is difficult to explain because the number of cases with distant metastasis in our sample was too small, but it may reveal a relationship between Rab27A and Rab27B expression, exosomes, and tumor metastasis. We hope that future studies could elucidate the exact mechanisms.
Previous studies have found that high Rab27B expression is related to prognosis in patients with hepatocellular carcinoma, pancreatic ductal ADC, ovarian cancer, and gastrointestinal tumors; our findings are consistent with these results. 6, 7, 9, 18 In addition, other studies have shown that Rab27A has a prognostic effect in several cancers, including hepatocellular carcinoma, colorectal cancer, glioma, and pancreatic ductal ADC. 7, 13, 14, 16, 19 However, we did not observe any relationship between Rab27A expression and prognosis in patients with NSCLC. Therefore, we recommend a larger study with a larger sample of ADC cases to better assess this relationship.
In summary, we verified that high Rab27B expression serves as an independent factor for unfavorable DSS in patients with SQCC. The current study is the first to show a relationship between Rab27B expression and SQCC of the lung.
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